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5»    The entire experiment wa* rep—ted on the MM *ubjeota after a. period 
of one month M a oheok en the reliability of the prooedure.   A detailed deeorlption 
of rationale, experimental procedures aad reaulta la given la Appendix I. 

e.  coHCLuaioMi 

6. the following oonoluaioas are drawn1 

a. Error* are lese frequent for the larger and 
diala, aad for readlag laatruotlone that eaphaaiae aocureoy. 

dUla. 
b. 

1 finely graduated 

Speed of reading la faatar for the tartar and aore finely graduated 

o.   Tlaa aoorea are aore difficult to deal with la analysing the data 
than are error eeoraa. 

d.    For the dials aad subject* used, there were eery fa* errors greater 
than one unit, that i*. greater than one peroant of the full soale.    The peroent of 
total readinga la error •*• 10.1.   The peroent of total reedlnga la error by aore 
than one unit was 1.3. 

•.    Numeral riesign may be responsible for targe dial reading errors 
ainoe partially concealed numbers say be oonfuoed with other*,   Army-Mavy Aer- 
onautical Dasign Standard for numerals, AMD lOUOO,  penults ready oonfuaion of the 
numeral 5 with the nunoral 6 for the pointers used la the experiment aad for diala 
whioh place the numeral flat at the bottom of the dial. 

f•    Ohtil aore It known about then, practioe effeots must be reoog- 
alaed a* variable* of laportanoe.    IB this experiment they resulted la a drop of 
twenty to twenty fit* peroent la error scores from test to reteet sad a ohange 
la the importance of eoas of the Interaction*. 

7.    A number of conclusions are drawn concerning methodology la legibility 
research?    These are summarised In the Appendix. 

D.     RECOllUEUDATIOHSt 

6.    Hone 1 

Prepared by' imxiAv E. np$Aofe>* * fV 
Approved by 

Princeton university 
T: *nr 

Ohlef. Aero kBdioel Operation* 

Approved byai fiU*£sffi.j££& Approved by,   Z^^"**/* 
Vm M. •iTw.*ff. 6—— BHAHU J. manor. IM.,IB ll.TlfflF.ra. 5. 7S 
Chief. Psychology Branch Ohlef. Awe Medical laboratory 
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A IffiTHODOLOCaOAL STODI OF DIAL REftDIBO 

la •'largo number of situations, including that of the aircraft cock- 

pit, it is necessary that circular scales be read with the greatest pos- 

sible accuracy and speed, lot the conditions that lead to optimal human 

performance la dial reading haw received only a minimum of psychological 

attention. This paper is the first la a series that will describe sys- 

tematic experimentation upon some of the many variables affecting dial 

reading. 

Dial reading la a complex perceptual process which may bo affected by 

a host of variables. These Includei  1) the characteristics of the 

scale, o.g. its siio, number of graduations, numerical value of scale in- 

tervals, contrast of markings to background, etc., 2) similar character- 

istics of the pointer, 3) the characteristics of the general situation, 

a. g. the illumination, whether one or aany dials are being road, the in- 

terrelation of dial to dial, requirements for apood and accuracy, etc., and 

4) the aharaetaristioa of the reader. If it could be assumed that these 

variables acted singly and addltively on dial reading, research planning 

would not bo difficult. The likelihood is, however, that scan of the vari- 

ables interact. Under these conditions, only a aeries of carefully 

planned experimental studios can estimate the significance of each of tho 

possible variables and produce the basic information required for the 

rational design of dial faeea. 



*a «n introduction to auch • aeries of studies, • preliminary inves- 

tigation has boon completed. Thla preliminary experiment was undertaken 

with four objectives in mindt 1) to develop • standardised tost situa- 

tion for the study of dial reading, 2) to obtain a rough measure of the 

range of error and time scores in dial reading, 3) to explero methods of 

analysing the offsets of any given variable in relation to other vari- 

ables, sad li) to obtain an indication of the offsets of attitude and prac- 

tice. The experiment and this report are thus primarily methodological. 

They are not intended to yield definitive informetion on dial design. 

OBOBUI. QUESTIONS OF BXFSHUEHTaL PROCEDURE 

The results of three previous studies may bo used in the planning of 

new research on dial design. These nre the studies of Loucko (2) (3) (it) 

(5), Vernon (7), and Williams (6), which show that there are considerable 

differences in the accuracy with which different dials or scales are read. 

The frequency of error, varying in part, of eourse, as a function of the 

criterion of error, ranges fraa less than one percent of readings under 

sons conditions up to eighty or ninety percent of readings under other 

conditions. The character and relation of numbers, tho frequency and 

spacing of graduations, tho general "cleanliness" or simplicity of the 

dials, the amount and the character of the illumination, the characteris- 

tics of other scales in the series, all appear to have sorao effect. Zt is 

also clear that subjoets differ considerably from one another and that 

J  



practice has a Barked effort,    Tho uxpurlawnts wore not daaignsd to glYe 

convincing oYldeiioo of tho possible interaction of variables. 

Not only do tho oxporlaents of Louden, Vernon, and '..'illhim provide 

uaeful information about dial roadlng porfomanco( but thoy ruprosont 

trials of particular experimental procedures.   Their remarks or results 

relating to methodology con bo of assistance in BUpplomnntlng the usual 

criteria of convenience or purposo which any now experimenter In tho flold 

•ight uao in choosing hlu method.    In dovcloplng a procedure fur now 

rcsaaroh in dial design, thoro am at loaat fivo questions on which deci- 

sions raunt bo madei 

1)     How will tho experiment take cognisance of i>ubjoct>to-oubjoct 

differences?    This soy bo dam. by con! urine tho overage performance 

of one group of subjects in tha tent nituiitl.on with tint of other 

Croups of suh.li'Rt:-  in other teal situations,    (*i lli.mi; used groups of 

twenty in thin way)    Or thu same group nay '•.   o'nervud in two or more 

situations! group mirsn; scores n/.iin bolng compared,    (Thin was tho 

proceduro of Loucku nnd Vernon,)    Or,  lastly, oaoh subject may oo 

tested In 1 sufficient! iimrii'i r of t.rl.iLa to >:• t a reliable measure of 

his imrformanco in onch experimental situation.   An wi} son it, tho 

first two proooduroB am tu.tlal'r.otory only when looking for 

general effects,    Tim last procoduro usually snicea It necessary to uan 

a smaller number of subjects, but, sines it rccopnlsos th.  possibility 

of aubjuot diff'iriMoi.a and lntaractians,  It deserves attention until 

.1 -0. 



subject effects are well known. 

, 2)  what will be the procedure for presenting the dials and evalua- 

ting the performance? Alternative procedures here aroi (a) using a 

tachistoscopic presentation and scoring errors only (Louoks and Ver- 

non), (b) exposing dials singly, timing readings and scoring for 

errors (aa Williams did with admittedly orude results), (c) presen- 

ting a bank of dials to be read in immediate succession and deter- 

mining errors and total timo (as Vemon did in the second half of her 

experiment), and (d) presenting the dial reading task as part of a 

•ore general task (aa the Job of flying a plane) and scoring for err- • 

ore and time. Method (d) is fundamental to the final validation of 

dial designs, but for initial studiea it is time consuming and inef- 

ficient in terms of the number of readings obtained per interval of 

research time. For speed in assembling data and for more sensitive 

time moasurcaeiiu.-., method (e) seems to offer the bust possibilities* 

Avoided by method (o) is the necessarily spocdod attitude of the 

subject la a taohlstoscqpio experiment. The natural situation in dial 

reading ia for most readings to be paced by the subject himself. Iron 

when readings do have to bo hurried in accordance with the demands of 

the task, the dial render is usually froo to chock himself by a second 

glance if he feels it Important to do so. 

8) How will the "truo" dial sotting be established? The limits of 



error or variability of the "true" sotting which can be tolerated are 

• function of the purpose of the experiment and the proo.;ion of the 

reading which la to be required. If high reading precision is re- 

quired or if the purpose of the stud/ is to examlno variables which 

night affect precision only at strict Units, then the settings used 

for each presentation must bo accurately known. Because one of our 

objectives is to establish the limits of reading procislon, we rejec- 

ted the following two methods! (a) sotting the dials manually for 

oaoh trial (which requires a recorded chock of each setting) and 

(b) setting tho dials by neons of an automatic control system (which 

is subject to a variable error). In preference we chose the method 

of using previously prepared photographs, each photograph composed of 

a set of twelve similar dials. These keep tv o task constant from sub- 

ject to subjoct and can easily be checked for accuracy of sotting* 

4) What particular dial settings will be used? Will settings at 

vmrf unit be used on ovory comparison for every subject? Or, will a 

selected but identical group of settings bo used on ovory comparison 

dial for overy subject? Or, will it bo adequate to use a selected 

group of settings ehoson by some randomising method and thus not tho 

sane for matf comparison dial? The first alternative nay bo exhaus- 

ting. The second, wo thought, night become obvious to the subjects 

In the experiment (e.g. that the roadlng 22 recurs but never 23). Wo 

• . 
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therefore chose to uso a restricted randomising scheme and selected 

• different set of sixty readings for en/ one dial design. As It 

turns out, this procedure may be all right for the study of general 

offsets, but for the analysis of specific sources of error it may bo 

unsatisfactory (see page 3b below). 

5) Will the material bo presented to single subjects or to groups? 

To this time, research has favored individual test procedures rather 

than group testing. Individual testing permits simpler methods of 

timing performance. 

After consideration of the problems described above, the following 

experiment was planned to permit a preliminary study of all major effects, 

interaction effects, and any effects attributable to practico, fatigue, or 

warm-up. At the risk of overemphasizing the limited data obtained, the 

discussion below has been expanded to give a thorough treatment of methods 

and problems of analysis. 

APPARATUS 

A simple two-compartment structure provided the basic experimental 

situation. Thia atructuro is shown in Figure 1. In the top half of the 

figure la the subject'3 compartment, The subject was seated in a chair of 

adjustable height with his forehead against a solid head-rest. In the for- 

ward wall of the eompartaent and on the aubject'a horizontal lino of regard 

• 

* 
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was a circular hole la which a sample dial euuld bo exposed by the experi- 

menter. Directly below the sample dial was an aperture, eleven by fourteen 

inches in size, within which the experimenter exposed the stimulus dials. 

Those were on cards showing twelve dials each. The top edge of this aper- 

ture was fifteen degrees below the horizontal line of sight. Within tho 

aperture tho stimulus card was tipped so that it would be perpendicular to 

the depressed line of sight. Tho center of the card was 30 inches from tho 

subject'3 eyes.* The stimulus cards were moved into viewing position by 

the experimenter by means of a sliding carrier (see lower half of Figure 

1). 

The sample dial was illuminated by one of the three light sources 

shown in the figure. The light sources consi-itcd of Mazda lamps In cans* 

The sample dial was so illuminated that the w'.iii.e markings were 5 foot 

lamberta on • background of .6 foot lamberts. For the stimulus dials 

these values were 6 and .6 foot lamberts respectively. Brightness measure- 

ments were made with the Macbeth Illuminometer. 

A master switch on tho experimenter's table controlled the illumina- 

tion of the dials. In one position of tho switch only the sample dial was 

illuminatedj In the other position the illumination of the sample dial was 

off and the illumination of tho stimulus dials was on. i'lte change in 

lighting marked the beginning and end of the reading of a stimulus card. 

'"For future work this has been modified to ?8 inches to be in accord- 
ance with the new standards for visual research (6). 

-12- 
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The lighting switch also controlled two atopclocks for timing the readings. 

These wore Standard Electric Timers, S-10, which tine Intervals up to one 

thousand seconds in steps of one tenth of a second. 

Stimulus Materials 

Three dial designs, each In three sizes, were employed in the experi- 

ment. The designs ore shown in Figure 2. As shown In the figure, the 

designs differed only In the number of subdivisions. The dial at the upper 

left in Figure 2, hereafter called the 100 x 10 dial, read to one hundred 

units over the full scale in numbered stops of ten units each. It illus- 

trates the smallest sisc, 0.7 inches scale diameter, i.e. diameter of the 

Inner one of the two bounding circles. The dial at the upper right, 100 

x 5, read to one hundred unite in steps of five unJ ts, every tenth unit 

being numbered. It illustrates the l.H inoh size. The dial below, 100 x 

1, was subdivided to the unit with every tenth unit being numbered. It 

Illustrates the largest size, 2.8 inches In diameter. The dimensions of 

markings are shown for the 2.8 inch dial. For the smaller dials all dimen- 

sions were reduced proportionately as the diameter was reduced. Number 

dimensions were chosen in accordance with Army-Mavy Aeronautical Design 

Standard, ANDlOljOO, and other line dimensions were taken as & rough average 

of line dimensions in a variety of dials inspected by us. 

The three dial designs were originally prepared as master drawings, 

twenty inehos in dloiiutor, Tho meter drawings -.mro roproduood photo- 

' 
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graphically in a number of seven-Inch copies. Per each dial design in 

turn, twelve copies ware furnished with movable pointers and mounted en a 

large panel In three horlaontal rows of four dials each, the deal centers 

being 9 inches apart In the horlaontal dimension and 9.5 inches apart In 

the vertical dimension, when the pointers of each of the twelve dials had 

bean set to prearranged values, the bank of dials waa photographed on a 

four-by-five inch negative. Photographic enlargement of each negative to 

the three appropriate alien provided the material for the stimulus cards. 

The photographs were mounted on Presdwood boards, 11 x lit inches In also. 

A completed stimulus card for the dials of intermediate siie la shown in 

Figure 3. 

Since the same tape of errors may be expected to appear in setting 

dials aa In reading them, great care waa exercised to insure accuracy of 

netting. It waa decided that the dials should always bo aet aa nearly aa 

possible to an exact unit, i.e. never intentionally at fractional values, 

•nils this decision entailed a relatively "unnatural" stimulus situation, 

it greatly simplified analyaid of results. The accuracy of settings of 

the 100 x 10 and 100 x 5 dials waa increased by the use of a hand scale, 

marked to the nearest scale unit. The accuracy of setting waa cheeked by 

projecting the negatives of the stimulus dial photographs up to a alae of 

twenty one inches and reading the Bettings with the aid of a hand scale 

graduated to the neareat tenth of a scale unit. The average error of set- 

ting proved to be 0.08 scale units, 0.07 scale unite, and 0.02 scale units 

'X 
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for the 100 x 10, tho 100 x 5, and tho 100 x 1 dials respectively. The 

errors were symmetrically distributed around tero, and, with a single ex- 

ception, all setting errors were less than 0.2 scale unite. For this 

single exception an error of 0.3 scale units was observed. These data are 

given in this detail because for similar photographs of other types of 

dials, Intended for reading to the nearest wilt, wo have found average 

errors of as such as 0.3 scale unite, with many settings In orror by 0.5 

or more scale units, and sometimes with a strong bias. These observations 

suggest that the accuracy of the original dial settings should be speci- 

fied for any experimental study of the precision with which quantitative 

data can be read from a dial or scale. 

A total of forty five stimulus cards ins reproduced. Each of the 

nine kinds of dials (throe designs x three sizes/ was rcprosontod by five 

cards. Since each card showed twelve settings of one kind of dial, there 

was a total of sixty settings for each dial deaien In all the stimulus 

cards and these settings were repoated for all throe sir.es of a given dial 

design. The pointer settings were derived from a table of random numbers 

following, however, two restrictionsi ' 1) In the series of sixty settings 

for say dial type no Initial or final digit waa proposed to appoar naro 

than six times, and 2) in tho twelve settings on any one card no Initial 

or final digit waa proponed to appear cero than three tlnoo* It will bo 

observed In tho discussion below that this procedure was probably inad- 

equate for certain control of tho ease or difficulty of the settings ap- 

-16- 
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pawing en any one card or In the act of flvo cards for each design.   In 

future experiment* additional restrictions will be imposed. 

MM 

Six mala subjects, one undergraduate student, throe graduate students, 

and two faculty members, all from the Princeton Department of Psychology, 

served in this experiment. All profaased to have normal visual acuity 

(corrected or unoorraoted). 

PROCEDURE 

For each subject the experiment bc0an by seating him comfortably with 

his forehead against the forehead-rest. A sample dlnl of the design to be 

expoaad an the first stimulus card was llluminat'jti. The sample dial was 

always 2.6 inches in diameter and had no pointer. As the subject adapted 

to the illumination conditions, and inspected the sample dial, the experi- 

menter read aloud one of three aets of instructions. The instructions pro- 

Tided for reading the dials 1) to the nearest unit under an accuracy atti- 

tude, 2) to the nearest unit under a spcod-and-accuraey attitude, or 

S) to the nt'-arcat round fifth unit (o.g. 5, 30» US, 0, 65, ate.) under a 

spoed-and-accuracy attitude. Since data obtained under the last Instruc- 

tion* aro not analysed in this report, no further reference will be made 

to this procedure or to the results obtained by it. For the accuracy atti- 

tude,, tho instructions to tho subject WOMI 
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"....Read aloud each dial to the nearest unit as accurately as 
posBiblo. Think of your reading as similar to that in using a 
elide rule whore extremely accurate readings must be made in order 
to result in future correct computations ..••• Remember, read the 
dials to the nearest unit and read then as accurately as possible." 

For the spaed-and-accuracy attitude, the instructions, wora i 

"•.••Reed aloud each dial as rapidly and accurately aa pos- 
sible ...., Remember, road the dials to the nearest unit and read 
them aa accurately and rapidly aa possible*" 

The instructions also called for the subject to read the stimulus dials by 

rows in order from left to right and from top to bottom. Any questions as 

to the instructions Here answered and the instructions were repeated until 

the experimenter felt certain that the subject fully understood the task. 

Since these instructions are not intended for future use in more defini- 

tive experiments, they are not reproduced in further detail here. 

The experimenter then Inserted the first atimulus card in its holder 

and after inquiring, "Ready?", slid the card into reading position. As 

the stimulus card came into position, the illumination was switched to It 

and the two clocks were started, when the subject had read the first of 

the twelve dials, one of the two clocks was stopped by the experimenter. 

As the last dial on the card was read, tho second of the two clocks was 

stopped as the experimenter switched the illumination back to the sample 

dial. A rest interval of about twenty seconds followed, A new sample dial 

like the next group of stimulus dials was then put in place. After the 

subject had inspected the sample for about ten seconds, the experimenter 

called, "Ready?", and a new stimulus card was exposed and ao on for a 
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series of nine earda. Between each series of ulna cards, a rest period of 

about three minutes intervened. At any one sitting all forty five cards 

were presented but the first nine cards (one of each design and alae) to bo 

presented war* presented again at the and of the aories giving a total of 

fifty four earda or 61(8 dials road at the sitting. The readings of the 

first nine earda were eliminated froa all data* in order to control warn. 

up effects (except in a apeolflo study of warm-up to be discussed below). 

Reading all the fifty four earda under any single set of instructions re- 

quired froa fifty to seventy five adnutes and constituted a single sitting. 

For any one subject an Interval of one day intervened between successive 

sittings. 

The expert•enter recorded tho subject'a response on a previously pre- 

pared data sheet, sorely chocking the correct responses and entering tho 

actual response in case of an erroneous reading. Tho reading times wore 

entered on the aauo reoord. 

The order of presentation of tho stimulus earda waa systematically 

Varied to balaneo out practice and fatigue effects, as well aa any remain- 

ing warm-up effects. Each design and each slae of dial appeared once 

within the first nine earda and once again in every succeeding set of nine 

In the first run of tho experiment there were exceptions to tho pro- 
cedure regarding this point. For tome subjects the entire first nine 
stimulus earda were not ropeatcdj in some eaaea (seven sittings out of 
twelve) only six or seven earda woro repcatod. For cards which were not 
repeated the data for the first readings were used to complete tho basic 
results. 
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cards. From sitting to sitting, tho order of presentation of the cards 

was reversed to prevent learning of the series. From subject to subject, 

tho order in which different instructions wore given was systematically 

balanood. 

About one month after the first series of sittings, the entire pro- 

cedure was repeated for each of the six subjects, omitting, however, the 

reading of the dials to the nearest round fifth unit. The repetition of 

the experiment permitted a study of practice affects and of reliability of 

the test procedure. 

The experimental design described above may be summarized by saying 

that it proposed an analysis of the differences In time and in error 

scores contributed by dial else, dial design, subjects, and subjects' atti- 

tude toward spsad and accuracy, aa well as an analysis of interactions be- 

tween these variables. Tho design provided for the control of the offoots 

of practice, warm-up, and fatigue in the main analysis, and for a rough 

study of these factors lu a subsidiary analysis. It also established a 

factual check on the reliability of any conclusion drawn from the first 

series of sittings. 

RESULTS 

The raw data of the experiment consisted of error and time scores ob- 

tained by the different subjects, each under the same varying conditions. 

We shall consider first the analysis of the main factors in the experiment! 

» 
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attitude, design, and also. Later the subsidiary questions of types of 

errors, practice effects, warm-up and fatigue, and digit and sector diffi- 

culty will bo taken up. 

Raw Error Date 

The main factors must bo considered in terms of errors and time sep- 

arately. For the detailed error analysis we have considered all errors, 

regardless of magnitude, to be alike. Thus, an error of one unit in road- 

inp counts Just as much as sn error of, say, tan units and we are asking 

our subjects to read the dials to sn accuracy of bettor than one percent of 

full seals. The raw data for all errors are prcsontod in Table 1. The 

table gives the number of errors observed for each subject while making 

sixty readings on dials of each dasign and sise and under each condition of 

observation. Mean values for all subjects are also given. Considering 

all subjects and conditions, it is apparent that the incidence of error 

ranges from lcro to 28 for sixty readings. Individual subjects differ 

considerably from one another, the error frequency being consistently high 

for sous subjects and low for others. 

The data of Table 1 ore presented in somewhat slaplifiod form In 

Figure U.   For this figure the averages for all subjects in the original 

test and the retest have been combined and are stated in tans of percent 

of readings in error. Separata pairs of curves are given for oaeh dial 

design (100 x 10, 100 x 5, and 100 x 1) showing how errors vary with else 
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TABU 1.   The number of readings In error.   The entries show the number of 
readings in error for each subject In 60 readings of each dial, according 
to design, siae, attitude, and test.   Moan values for all subjects are 
also listed. 

Spaed and Accuracy Accuracy 

Test Retest Test Retest 

Da-     Sob-   Siae In Inches S1M in Inches Site in Inches Size In Inches 
sign   Ject   0.7   l.U   2.8   0.7   l.U   2.8   0.7   l.U   2.8   0.7   1.1*   2.8 

100 
X 

IX) 

IS 
10 

it     12 
3     W 

28     20     16     21 
8      2 

11 
11 

3    13 

11 12 
16     22     16     12     26     18 

3    11 
25     17     15161616    22       8     10     13     12     11 

16.0 10.3  8.7 13.7   8.8   7.0 13.7   6.8   5.3 11.2   7.7   U.3 

100     2 

16 
11 

7     11* 2     17      8 

20     10      8     17      8      9     lit 11 

lo.o   it.5   3.0   7.3   3.5   2.2   6.5   3.3   1.7   5.7   1.5 

100 
10 

21 

10 it     28     13       it     lit 

3    18 it    15 

11    11 
2       0 
9     lit 

Mean 11.8   6.3   1.3   9.8   it.O   1.7   7.2   2.3   1.2   U.2   it.2     .7 
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(abscissa Taluea). For each design the solid curve shows mean errors 

under the speed and accuracy attitude and tho broken-line curve shows moan 

errors under the accuracy attitude. 

Figure It clearly illustrates the effects of the three major variables 

in the experiments attitude, design, and siso. Tho accuracy attitude is 

superior to the speed-and-accuracy attitude and this conclusion holds for 

every comparison. The larger the site of dial, the better is tho accuracy 

of reading. And the 100 x 10 dial is poorer than the other two dials for 

any single sisa comparison. There is no cloar evidence, however, of • 

difference between the 100 x 5 and tho 100 x 1 dials. The statistical 

analysis of the significance of tho differences will follow below. 

Bear Time Scores 

The raw timo scores suggost essentially tho same conclusions as do 

the raw error scores. Table 2 gives the summed time scores for each sub- 

ject for eaeh dial and siso under each condition and the means of these 

subject scores for the dial designs and sizes. For time, as for errors, 

the differences between subjueta aro extreme. 

To show tho off sets of tho experimental variables, the tine data have 

been summarised for all subjects In Figure 5. Zn this figure, time por 

reading for the original tost and rotost combined is given on the ordinatc 

and all other features aro to be road as they were in Figure U. At no 

point are the tine data inconsistent with the conclusions reached from a 

• 
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TABU 2. Raw time scores. The entries show the total tine (rounded to 
the nearest second) taken by each subject In making 60 readings of each 
dial, according to design, alia, attitude and test. Mean values for all 
subjects are also listed. 

Speed and Accuracy 

Retest 

Accuracy 

last      Retaat 

Da-  Sub- Sice In Inches Size in Inches Size in Inches Size in Inches 
sign Ject 0.7 l.U 2.8 0.7 Lit 2.8 0.7 l.k 2.8 0.7 l.li 2.8 

100 
x 
10 

100 
X 
5 

100 
X 
1 

1 
2 
3 
li 
5 
6 

112  88  81 118 100 
103 103 102 11*3 131 

2 
3 
It 
5 
6 

2 
3 
It 
5 
6 

68 
119 

331 3Uo 255 5U7 395 357 
1U7 IkO 11.3 177 251 130 

139 13k 12lt 150 129 102 169 130 138   193   193 159 
79 68 62 90 73 66 126 119 88118100 99 

122 109 109 122 105 103 llt7 Ui5 Ul9   165   139 Ill9 
117 9lt 86 102 63 70 Ud 106 100   138   113 116 

112 99 9lt 121 lOlt 91 177 163 Hi6   223   196 168 

100 73 66 lOlt 7lt 71 260 185 169 272 lit7 156 
95 85 97 122 93 93 123 115 130 136 96 lilt 

131 110 101 126 100 91 137 133 106 180 131 117 
78 67 67 91 75 70 111 126 96 110 90 82 

139 12lt lM 126 110 106 159 128 135 165 139 155 
127 92 66 106 86 71 13b 111 105 159 111 116 

Mean 112  92  90 112  90  8k 15k 133 12lt 170 119 123 

96  7b  61. 100  77  61i 296 208 139 327 182 113 
100 61 77 106 93 
lb6 125 103 132 108 
78 65 62 88 75 

HiO 113 lilt 128 10k 
Ilk 88 89 103 77 

81 122 113 105 128 97 92 
86 151 130 Ilk 179 lk6 10k 
69 109 107 92 118 98 86 
97 157 lkl 122 156 139 128 
66 IkO 110 loo IkO 125 109 

Moan 112  91  85 110  89  77 162 13b' 112 175 131 105 
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consideration of ttie raw error BO ores. 

In thulr raw form, as tabulated and plotted above, the data do not 

lend themselves) to an analysis of Tarlanoo.   Suoh analyali require* the 

assumptions that the data are normally distributed and that the sub-popu- 

lation* arc homogeneous In varlanoo.   The orror data nay be oxpooted to be 

blaonial or nearly »o.   For the tlao soores It la logical to oxpoot that 

tho Tarlanoo of a aet of aoorea from • vary alow subjoot or from a oondl- 

tion producing general alownoaa would bo groator than tho Tarlanoo of 

• aet of aoorea front • fait aubjoot or from faat conditions.   Analysis of 

Tarlanoo thua requiroa tho transformation or oonroralon of both the error 

aooroi and tlao aoorea Into a now and proper form. 

Analysis of Varlanoo on Transfomod Error Boores 

For tho error data, tho angular transformation    mny bo oxpootod to 

plaoo tho data In tiio normal, hcuofmaou* form roquirod for tho analysis 

of Tarlanoo*   Aooordlngly, tho individual raw orror aaoras from tho aolle 

of Tablo 1 woro transfomod nooordlng to tho formula 

-1 x •* 
•• s (sinB) 

n • 1 

whero z ; orror saoro and n • CO, 

Tho rosults of tho analyale of varlanoo of tho transformed orror 

sooros ara glvon In Tablo 3 for tho tost and rotost data soparatoly* 

•tho angular transformation and Its merits as applied to psycho- 
loflual data of tho typo dlsousaod aboro aro dosorlbod In (1), 
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Table 3i Sunsary of Analysis of Variance on Transformed Error Scores 

Test ' Retest 

Variable df Itean Squares Mean Squar 

Attitudes 1 UUU.So** 2ll&.lb»» 

Subjects 5 935«05** 85U.23*» 

Sties 2 llil9.22M» 905.53*» 

Designs 2 839.7b** 695.71*» 

Attitudes x Subjects s 15.83 22.16 

Attitudes x 31MS 2 lit.lt2 33.72* 

Attitudes x Designs 2 6.36 6.85 

Subjects x Sisss 10 15.9? 32.1t6«* 

Subjects x Designs 10 15.66 U5.13*» 

Sites x Designs h 19.W 7.83 

Attitudes x Subjects x Slses 10 li.Sl 8.09 

Attitudes x Subjects x Designs 10 7.51 16.82 

Attitudes x Sises x Designs it 23.15 Ut.82 

Subjects x Sisss x Designs 20 Teas) 18.03 

Attitudes x Subjects 
x Sises x Designs 

Total Degrees of Freedom s 107 

20 10.2b 8.87- 

** 1* level of confidence 
• 5£ level of confidence 
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Par both the teat and the retest all the principal effects were signifi- 

cant; they would be expected to occur by chance alone in less than one per- 

cent of experiments. Since the effects of attitude, site, and design were 

statistically significant when tested against the interactions of subjects 

with these variables, these results may wall hold for other groups of sub- 

jects. In the original test when the interactions were tested against the 

residual terms, none of the interactions were statistically significant. 

In the retest, however, three interactions were statistically aignifioanti 

attitudes by siios, subjects by sises, and subjects by designs. This 

change in the results suggests that practice is a variable which will have 

to be investigated rather carefully In so far as inter-action effects are 

concerned. 

As an Indication of the general reliability of the testing procedure. 

It should be pointed out that the magnitudes of the mean squares for sises, 

subjects, designs, and attitudes follow the same rank order In the test and 

retest. 

Consideration of Time Scores 

When the time scores wore examined it became apparent that subject 

variability did not Increase In a linear way with subject mean time. The 

relationship butween subject variabilities and means was obtained for each 

teat and attitude separately by computing the standard deviation of the 

times taken on the five cards for a given slio-dosign combination and aver- 
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aging these for all nine slse-design combinations. This average was then 

taken aa the boat estimate of the variability of that subject for that 

teat and attitude. Cooparable mean tines wore computed for each subject. 

When the estimated variabilitiea were plotted against their comparable 

means, it WM aeon that variability increased approximately aa the square 

of the mean time. 

However, a similar plot waa made of the relationship between the 

standard deviations and mean times for particular sets of five cards. 

Such plots were prepared for each subject, for each teat, and for each 

attitude. For these plots no consistent relationship emerged between 

variability and mean time. 

Since there was disagreement between the two methods of studying the 

relationship between variability and mean time, we have postponed further 

quantitative analysis of the time scores. The key to an appropriate trans- 

formation has not yot been found. More must be known about the variabili- 

ty of tlae scoies before such a transformation can be chosen wisely. 

First, we must recognise that differences in difficulty from card to card 

within a set of five have been confounded in our present measures of sub- 

ject variability in reading speed. Second, we know from observation that 

subjects tend to pass themselves when reading a bank of twelve dials in 

succession. Perhaps an Interruption of this pace, caused by the occur- 

rence o* reveral particularly difficult readings on one card, la disturb- 

ing the relation betareon variability and mean timo. These matters need 
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further examination. Until they are understood more completely, we may 

simply note again that tho tine data do not disagree with the conclusions 

en major variables, as formulated above from the analysis of error data. 

Classification of Errors 

i 

In tho foregoing treatment, errors of different magnitude were not 

distinguished. Table It showa the frequency of errors of one, two, and ten 

units and errors of miscellaneous size. In this table errors of nine or 

eleven units were entered both as unit errors and as ten-unit errors• The 

miscellaneous errors included eleven errors of five, twelve of twenty 

(plus or minus one), and ono each of thirty and forty units. Reversal 

errors (e.g. reading 37 for hi) wore difficult to identify and seemed so 

rare as to warrant no aeparate analysis. The tibia shows the distribu- 

tion of tho major classes of errors by dial design, dial sice, and atti- 

tude, for all subjects and tcst-retest combined. 

Inspection of Table h shows that errors of one and two units were 

reasonably similar in their distribution. There is a strong suggestion 

that tons and miscellaneous errors were distributed differently than 

errors of ono and two. The table also shows the rarity of the larger 

errors. In a total of 12960 readings there were only 178 errors of more 

than one unit, and only Ui9 of more than two units. For the designs and 

sices studied, errors greater than one or two percent of full scale were 

very few in number. Nevertheless, as will be shown below, oven these 

! 
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designs could bo improved to afford a marked reduction in the number of 

errors of ten units. 

Table h.    nistributlon of orrors of various amounts by dial dosign, dial 
si*o, and attitude. Because some error* appear twice (e.g. an error of 
eleven appears aa an error of tan units and also aa an error of one unit) 
the grand total will not agree with that of Table 1. For each design and 
each aiae b320 readings ware taken] the corresponding figure for each 
attitude was 6U80 and the total number of readings was 12960. 

amount 
of 

Error 

One 

Two 

Ten 

Miscel- 
laneous 

Designs 

100 100 100 
XXX 
10 5 1 

619 25b 277 

2b b 1 

bo hi 36 

b  9  17 

BlBOS Attitudes 

0.7 l.b 2.8 

Speed 
and 

Accuracy Accuracy 

Total 
for 

Type 

639 317 19b 679 b71 1150 

16 7 b 22 7 29 

Ui 1*6 29 S6 53 119 

13  11 20 10 

The Location of Specific Errors 

The relative ease or difficulty of specific dial settings has been 

investigated for the present data and the detailed results will contrib- 

ute to a later report devoted spocifically to the problem of digit and 

aoetor difficulty. Here it should be remarked, however, that certain 

final digits and certain sectors of the dial appear to be considerably 

more difficult than others. For the different final digits the data do 

not oppose the expected principles, 1) that settings on stressed scale 
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divisions an relatively easy, 2) that difficulty increases as one departs 

from a stressed division, and 3) that bisection is easier than other forms 

of interpolation. For the different sectors around the dial, the reasons 

for differences in difficulty are not obvious. 

In the course of this analysis of errors for specific dial positions, 

an important typo of error was found for the settings 52 and 53. In 

reading these two settings alone there were fifty six errors of ten units, 

nearly half of all the ten-unit errors in the whole experiment. These 

settings were read as numbers in the sixties in erary instance of this 

sort. The reason became clear upon inspection of the dials. At those 

settings the pointer partially obscured the nunoral 5 and made it resemble 

a partially obscured numeral 6 (an example is shown in Figure 2). Several 

subjects soemsd to bo somewhat aware that they wore misroading settings 

in the fifties generally, but analysed their difficulty as confusion due 

to the memory of the position of six on a clock face. Inspection of the 

numerals shown in Figure 2 will suggest that a similar typo of error may 

be expected at pointer positions other than 52 and 53» for instance at 

88 and 31. Thcso observations suggest that numeral designs should bo 

closely scrutinised before adoption, bearing in mind the relation to 

pointer design and to the position of the numeral on tho dial face. 

From the methodological point of view, tho oxiotcneo of specific dif- 

ficulties indicates the Importance for many experiments not only of match- 

ing settings on all dials to be tested, but even of including all, or 
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nearly all, possible settings In certain experimental serioa. The problem 

Hill be particularly acute whenever the expected differences in the offecta 

of dial variables are small and when the experiment is concerned with 

scales which aro graduated to the same number of units. Fortunately for 

our analysis of variance of errors, the speeifie errors in reading 52 and 

53 wore distributed with reasonable uniformity over experimental variables, 

but our procedure of choosing "random" settings gave no guarantoo that this 

fortunate result would occur. 

Practice Effects 

One purpose of this experiment was to study practice offsets and, in 

particular, to find out whether tho test situation was one in which 

allowance would havo to be made for training. For this reason, readings 

wore made by all subjects at two periods, separatod in time by almost a 

month, When the results of tho original test were compared with the 

results of tho retost, it was found that tho orrors were reduced by about 

20 to 25 percent for each attitude. Accompanying this shift was tho 

appearance of several statistically significant interactions as shown in 

Table 3 above. Time scores showed no similar change, although timo on the 

100 x 10 dial was considerably slower for the rotest under the accuracy 

attitude than for tho original test under tho same attitude. 

In order to obtain an indication of tho possible within-series prac- 

tice effects, "work curves" were plotted for each subject, showing his 
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performance en successive seta off nine stimulus cards throughout the fifty 

four cards off a sitting. For the tlas scores there was a general trend 

toward improvement within the teat period but little. Iff any, change within 

the reteat. For the error acores the Indication off within-series practice 

effects was leas clear because off variability within the aeries, yet the 

same trend probably existed for the teat period. No early Improvement 

attributable to "worst-up" effect a waa obaerved in the curves. The com- 

ments off the subjects indicated that temporary attitudlnal shifts and 

changes in Judgment criteria occurred In the oourse off somo sittings. This 

may hare accounted for some off the variability in the work curves and, in 

the future, attempts will be Bade to improve thn control of those factors 

by more precise Instructions to the subjects. 

From this consideration off changes In performance within and between 

series, it is concluded that praetioe la a factor which oust bo regarded 

in future experiments. Here retest sessions are noeded to dotcrraino the 

iaprovtnont limits. There- is a auggestion In the present data, however, 

that moat of the laprovcarnt In reading nay occur In the first session. 

If this is so, practice effects nay bo minimised by scheduling a prelimin- 

ary practice or familiarisation session for all subjects. This will be 

done in forthcoming studios* 

Speed of Reading the First Dial on Bach Card 

In designing the experiment, it was suspected that the tine off reading 
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the first dial on a card might net be typical of the time for the other 

dials. Were this the ease, thare would be a difference between the time 

data obtained by William's procedure of reading a single dial at a time and 

data obtained by the procedure of reading a number of dials In succession. 

Hence, provision was made for a separate measure of the time of reading 

dial 1 on every card, when the average time for the first dial was com- 

pared with the average time for the other eleven dials on the cards, the 

suspicion was confirmed} average time for the first dial was 2.9 seconds 

as compared with an average of 2,0 seconds for the other eleven. However, 

the differences between dial designs, sizes, and conditions, which were 

described above for data based on all twelve dials of oaoh card seemed to 

be present In the data for the first dials alone. There was only a 

slight, non-significant difference between errors on the first dial and 

errors on the remaining dials, 9% as compared with lfljC of readings. Never- 

theless, in view of the length of the first-dial times and our interest In 

getting more reliable tluo measures, it seemed appropriate to plan future 

experiments so that the first dial readings on eaeh card will be omitted 

from all computations and comparisons, k somewhat similar lino of reason- 

ing, although not yet based on factual data, leads us to expect that 

results for the last dial on any card should also bo eliminated. 

Summary and Conclusions 

A procedure has boon developed and tested for the study of precision 
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of dial reading. It consists of presenting twelve dials simultaneously to 

an individual subject, and scoring his performaneo in reading the dials in 

taraa of errors and average time. Six subjects were used to test the pro- 

cedure in a preliminary study of dial size, dial design, reading attitude, 

subject differences and practice effects. All dials were scaled from 0 to 

100 over the full circumference. Sises were 2.8, l.lj, and 0,7 Inches 

seal* diameter. Graduation was by tens, fives, and units. The following 

conclusions are drawnfor the data of the experiment! 

1, The analysis of all errors showed that error frequency was lower 

for the larger and the more finely graduated dials, and for 

reading instructions that emphasised accuracy (see Table 1, p. 

2b) • Speed of reading was fastor for the larger and more finely 

graduated dials and slower for reading instructions that empha- 

sised accuracy (see Table 2, p. 27). The differences between the 

tare larger dials were not great and the differences between the 

dials graduated by fives and by units were not only small but 

they wore also Inconsistent. There are indications that some of 

the variables studied In the experiment may interact with ono 

another. 

2* Until more satisfactory measures are available for subject vari- 

ability In speed of reading, time scorns are moro difficult to 

analyse than error scores. In so far as it ia possible to analyze 
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the time scoreo by crude methods, the time scores support the con- 

clusions rewind from the analysis of error data. 

3. For the dials and subjects used, there were very few errors greater 

than one unit, that is, greater than one percent of the full scale 

(ooo Table It, p. 3b) • The percent of total readings in error was 

10.1. Too percent of total readings in error by more than ono 

unit was 1.3. 

Iw Numeral design may be responsible for largo dial reading orrors 

since partially eoncoalod number.:: may bo confused with others. 

Army-Navy Aeronautical Design Standard for numerals, AND lOliOO, 

permits ready confusion of the numeral f with the numeral 6 for 

our pointers as usod on our dials which ilaee the numeral fivo 

at the bottom of the dial. 

5. Until more is known about them, practice effects must be recog- 

nised as variables of importance. In this experiment they re- 

sulted in a drop of twenty to twenty five percent in error scores 

from test to rttest and a change in the importance of some of the 

interactions. 

The following conclusions are drawn for the experimental procedure! 

1* Subject differences and subject interactions (see Table 3, p. 30) 
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appear to demand an analysis of the data subject by subject 

rathnr than an analysis of group averages. 

2. A teat procedure which requires single dial readings appears to 

result In longer reading times per dial than when readings are 

•ado In sequence, when a bank of dials is read, it ia probably 

beat to omit the first dial read from the analysis. 

3. Selecting different random aets of numbers for the settings to be 

used on different comparison dials is poor practice. This conclu- 

sion follows from the existence of marked differences in the 

reading difficulty of particular dial settings. Sines the origin 

of all such specific difficulties cannot bo determined in ad- 

vance, allowance must bo node for them in planning experiments. 

Hence, whore dial variables may be expected to produce relatively 

small differences in performance, the only ssfe procedure is to 

match settings for all comparisons or, if this bo impossible be- 

cause of the differences in the total scale values of the dials 

to be compared, to use all or nearly all poaaiblo settings. 
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